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(paleo) environmental proxies in East Africa
. 127
This prompts the question regarding the relative importance of site (mountain)-related 128 and regional (East African)-related controls on the link between altitude and soil δ²H wax 129
record. 130
In the present study, δ²H wax and br GDGTs were analysed in 60 surface soils 131 along 2 East African mountains -Mt. Rungwe (n=40; Southwest Tanzania; Fig. 1 ) and 132
Mt. Kenya (n=20; Central Kenya; n-Alkanes were analysed at UPMC, Paris, France by gas chromatography coupled 191 to a mass spectrometer (GC-MS) using an Agilent Network 6890 GC System coupled 192 with a 5973 Mass Selective Detector, with electron impact at 70eV. 1 µl was injected and 193 the separation was achieved using a Restek RXI-5 Sil MS silica capillary column (30 m × 194 0.25 mm i.d., 0.50 µm film thickness) with He as the carrier gas at 1 ml/min flow rate. 195
The GC oven initial temperature was set to 50 °C and then increased to 320 °C at a 4 196 °C/min. Samples were injected in splitless mode and the injector temperature was 280 °C. 197 n-Alkane hydrogen isotopic composition was measured at Newcastle University, 198 UK using a Delta V+ isotope-ratio mass spectrometer (IRMS, ThermoFisher) connected 199 to a GC Ultra Trace (ThermoFisher), a Finnigan GC Combustion III (ThermoFisher) and 200 a high temperature conversion (HTC) system set up at 1400 °C. The GC oven initial 201 temperature was set to 50 °C and then increased to 250 °C at 15 °C/min and from 250 °C 202 to 320 °C at 5 °C/min. The GC oven was held at 320 °C for 15 min. Every sample was 203 analysed in duplicate and the 2 H/ 1 H ratio was reported on the VSMOW (Vienna standard 204 mean ocean water) scale to determine compound specific δ 2 H Cn (‰). The 
Roman numerals refer to the structures in the Supplementary Figure. chain n-alkanes with odd-over-even predominance were the most abundant, as reflected 271 by overall high ACL (28 ± 2; Suppl. Table 1) and CPI values (between 3 and 18; Suppl. 272 Table 1 ). These results indicate that n-alkanes present in the soils originate predominantly 273 from higher plants. The δ²H values are comprised between -109‰ and -177‰ (mean -274 143‰) at Mt. Rungwe, and between -116‰ and -167‰ at Mt. Kenya (mean -141‰; 275 Suppl. Table 1 ). The weighted mean δ²H wax of the long chain n-alkanes (C 27 , C 29 , C 31 ) 276 varied between -166‰ and -125‰ (Table 1) (Fig. 2) . Nevertheless, along the latter, the OIPC data were observed 321 to be shifted from the measured ones, particularly at higher altitudes, towards more 322 depleted values and to a higher extent than the 95% confidence level estimated by the 323 model (ca. 11‰ difference; Fig. 2 ). Such a shift was already observed and discussed in 324
Kenya by Soderberg et al. (2013) and is likely due to the low number of GNIP stations 325 whilst the rain composition exhibits a high spatial variability in the region. Therefore the 326 absolute values derived from the OIPC must be treated with caution. However, they 327 should depict the likely trend of δ²H p related to the altitude effect and allow comparison 328 between the three studied sites. Notably, the δ²H p varies from one mountain to another 329 (Fig. 2) . At a given altitude, 870 m.a.s.l. for example, δ²H p equals -22‰, -12‰, -8‰ 330 along Mts. Rungwe, Kilimanjaro and Kenya, respectively. More specifically, the more 331 northern the latitude, the more enriched the δ²H p . This illustrates that, in addition to 332 altitude, a latitudinal effect is also likely to impact the δ²H p distribution in East Africa, as 333 previously noted at the global scale by Dansgaard (1964) . No calibration of δ²H p with 334 altitude could thus be deduced at the regional, East African, scale and the altitudinal 335 effect in δ²H p could only be tracked at the mountain scale. Consequently, in the 336 following, the ability of δ²H of n-alkanes (δ²H wax ) to track the altitudinal effect on δ²H p 337 was solely investigated at the mountain scale for each study site. 338
The concentration-weighted mean values of δ²H C 27 -C 31 alkanes (δ²H wax , Table  339 1) were plotted against altitude for Mt. Kenya and Mt. Rungwe (Fig. 3A-B The results from this study highlight the complexity of the H isotopic signal 370 recorded in n-alkanes from East African soils. The altitude effect on δ²H p was recorded in 371 the δ²H wax signal at only one altitudinal transect (Mt. Kenya). This suggests that the use 372 of δ²H wax as a (paleo) elevation proxy might be site-dependent. This study also points to 373 the competitive impact of different hydroclimatic and biogeochemical factors on the soil 374 δ²H wax record. Unfortunately the lack of extensive environmental monitoring in these 375 remote locations prevented us from determining which of these factors are overprinting 376 the δ²H wax signal at the other two mountains. Notably, more instrmental data are needed 377 to improve the estimation of the δ²H p in East Africa. These observations probably also 378 hold for other mountainous regions across the world and should therefore be taken into 379 consideration in regional scale (paleo) elevation studies. The application of δ²H wax for 380 (paleo) elevation reconstructions must therefore be limited to the mountain scale and 381 should always be accompanied by detailed surveys of the environmental setting of the 382 study site. 383 Smith, 1993). The goal of this study was to investigate whether it is possible to establish 392 a regional East African framework for the use of soil derived-br GDGTs as a paleo-393 thermometer. Thus, the measured MAAT data from all the local East African transects 394 mentioned above were combined to calculate a regional temperature lapse rate (Fig. 4) . 395
This rate, determined as 0.65 °C/100 m, with 97% of the MAAT variance being 396 explained by altitudinal variations (Fig. 4) , is similar to the one commonly used in low 397 precision studies (Rolland, 2003 ; Grab, 2013 and references therein) and will allow us to 398 assess the effect of temperature changes on br GDGT distribution at the regional scale. 399
In addition to Mts. Kenya and Rungwe investigated in the present study, br 400 The East African soil calibration developed in this study was applied to the 440 MAAT reconstruction in modern soils along all four altitudinal transects (Fig. 5D) . The 441 resultant br GDGT-derived MAAT lapse rate (0.52 °C/100 m; Fig. 5D ) is closer to the 442 measured one (0.65 °C/100 m; Fig. 5D ) than when using the global soil calibration (0.41 443 °C/100 m; 5C), but still underestimates the actual lapse rate by ca. 20 %. This points to 444 the unsuitability of using br GDGTs alone to reconstruct past elevation changes. 445
Independently of that, the correlation between MAAT estimates and altitude is higher 446 when using the new regional soil calibration (R 2 = 0.80; Fig. 5D 
